Abstract: This paper describes an experimental program conducted to examine the structural perfonnance of fibre reinforced polymer (FRP) stirrups as shear reinforcement for concrete structures. A total of ten large-scale reinforced concrete beams were tested to investigate the contribution of the FRP stirrups in a beam mechanism. The ten beams included four beams reinforced with carbon fibre reinforced polymer (CFRP) stirrups, four beams reinforced with glass fibre reinforced polymer (GFRP) stirrups, one beam reinforced with steel stirrups, and one control beam without shear reinforcement. The variables were the material type of stirrups, the material type of the flexural reinforcement, and the stirrup spacing. Due to the unidirectional characteristics of FRP, significant reduction in the strength of the stirrup relative to the tensile strength parallel to the fibres is introduced by bending FRP bars into a stirrup configuration and by the kinking action due to inclination of the diagonal shear crack with respect to the direction of the stirrups. A total of 52 specially designed panel specimens were tested to investigate the bend and kinking effect on the capacity of FRP stirrups, along with two control specimens reinforced with steel stirrups. The variables considered in the panel specimens are the material type of the stirrups, the bar diameter, the bend radius, the configuration of the stirrup anchorage, the tail length beyond the bend portion, and the angle of the stirrups. Based on the findings of this investigation, shear design equations for concrete beams reinforced with FRP, appropriate for the Canadian Standards Association (CSA) code, are proposed. The reliability of the proposed equations is evaluated using test results of 118 beams tested by others.
Introduction
With an estimated 80 000 Canadian bridges and 230 000 bridges in the United States in need of serious repair (Bedard 1992 ), a new emphasis on building bridges that last longer with a minimum of maintenance is emerging. Fibrereinforced polymers (FRPs) are a corrosion-free material and have recently been used as flexural reinforcement to overcome the deterioration of concrete structures due to corrosion of steel reinforcement. Stirrups used for shear reinforcement are normally located as an outer reinforcement with respect to the flexural reinforcement and, therefore, are more susceptible to severe environmental effects due to the minimum concrete cover provided. The use of FRP as shear reinforcement for concrete structures has not yet been explored enough to establish a rational model to predict the shear behaviour and strength of concrete members reinforced with FRP stirrups. This paper summarizes an experimental program conducted at The University of Manitoba, Canada, to examine the structural performance of FRP stirrups. The first phase of the experimental program evaluates the strength of a single FRP stirrup as influenced by the bend and the crack angle. The second phase of the experimental program investigates the modes of failure, shear strength, and behaviour of concrete beams reinforced with FRP stirrups. Based on the findings of this investigation, design guidelines for concrete beams reinforced with FRP as shear reinforcement are proposed. The shear design equations are formulated to suit the Canadian Standards Association design code, CSA A23.3 (CSA 1994) . Expression for the minimum FRP shear reinforcement ratio is proposed. The reliability of the proposed equations is evaluated using measured values of 116 beams tested by others. Strain limits for the FRP stirrups to control the shear crack width in concrete beams are proposed
Research significance
The study provides design guidelines for the use of CFRP and GFRP stirrups as shear reinforcement for concrete structures. Findings of the research are presented in a format of design equations proposed to the CSA design code to predict the strength capacity of FRP stirrups and the shear strength of concrete beams reinforced with FRP. The information is valuable for designers using FRP for shear reinforcement in concrete structures and for the development of the Code currently undertaken by the CSA Technical Committee for design of concrete structures reinforced with FRP.
Material properties

/
Two types of FRP stirrups were used as shear reinforcement, CFRP and GFRP. Steel and CFRP strands were used as flexural reinforcement. The characteristics of the CFRP, GFRP, and steel reinforcement used in this study are summarized in Table 1 . CFRP Leadline bars, produced by Mitsubishi Chemical Corporation, Japan, have a rectangular cross section (lOx 5 mm) with a I-mm epoxy-resin coat to protect the fibre core from ultraviolet (UV) radiation or chemical attack. The CFRP Leadline stirrups were delivered prefabricated. The carbon fibres were pre-bent in the form of stirrups prior to the curing process. Two different configuraCan. J. Civ. Eng. Vol. 27, 2000 tions of the Leadline stirrups were used in this program, as shown in Fig. 1 .
The carbon fibre composite cables (CFCC), produced by Tokyo Rope, Japan, have three different sizes: 7.5-mm 7-wire cable, 5-mm solid cable, and 5-mm 7-wire cable. The CFCC stirrups were delivered prefabricated. It was reported that the pre-pregnated strands were bent over metal bars to the required bend radius and then the epoxy-resin matrix was heated to harden. This process was evidenced by the flattened zone at the bend location. The configuration of the CFCC stirrups used in this program is shown in Fig. 1 .
GFRP stirrups, commercially known as C-BAR, were also used in this program. C-BAR stirrups, produced by Marshall Industries Composites Inc., Lima, Ohio, have a nominal diameter of 12 mm. The mechanical properties of the 12-mm C-BAR reinforcing bar are given in Table 1 . The C-BAR stirrups were delivered prefabricated. The C-BAR bars were bent during the curing process of the impregnated glass fibres. Curing included a heating process that could affect the strength capacity of the bend section. The configuration of the C-BAR stirrups used in this program is given in Fig. 1 . The steel stirrups used in this program as shear reinforcement in the control specimens were made of 6.35-mm diameter deformed steel bars.
Fifteen-millimetre, seven-wire CFCC and steel strands were used as flexural reinforcement for the beam specimens tested in this program and their geometrical and mechanical properties are given in Table I . Concrete was provided by a commercial supplier (perimeter Concrete Ltd.) and all of the test specimens were cast in place in the laboratory. The target compressive strength of the concrete was 35 MPa after 28 days. Nine concrete cylinders were cast from each batch. Six cylinders were tested in compression, three cylinders after 28 days and three cylinders on the day of testing of each beam. The average compressive strength of the concrete cylinders ranged between 33 and 54 MPa at the time of testing.
The remaining three cylinders were tested in tension. The average tensile strength, based on the split-cylinder test, ranged from 3.0 to 4.0 MPa.
Experimental program
Panel specimens
A total of 42 specially designed specimens, using different types of CFRP, GFRP, and steel stirrups, were tested to study the bend effect on the strength of FRP stirrups. The configutation and dimensions of a typical specimen are shown in Fig. 2 . The specimens were designed to represent the variation of the bend radius, rb, for standard hook stirrups (Type A) and continuous stirrups (Type B), as shown in Fig. 2 . For Type A stirrups, the anchored end was debonded to simulate the performance of standard hook stirrups as shown in Figs. 1 and 2b . In Type B, the stirrups were debonded at the continuous end as shown in Figs. I and 2b. The debonding length of the stirrups within the blocks was achieved by using plastic tubes secured in place using duct tape. Other variables considered in this phase are the material type, the effective bar diameter, de (de = i4Ab/1t), and the tail length, J;, as defined in Fig. 2 . Detaile information about the bend specimens is given in placement between the two concrete blocks, and a load cell to measure the applied load. Concrete used for all specimens had an average compressive strength of 50 MPa at 28 days. Ten specially designed specimens using different types of CFRP Leadline and GFRP were tested to study the kink effect on the strength of FRP stirrups. Two additional specimens reinforced with steel stirrups were tested as control specimens. Each specimen was reinforced with two stirrups located at an angle e with the central axis of the panel. The variables considered in this experimeIit3l phase were the material type (CFRP or GFRP) and the angle of inclination, e, varying between 0° and 60°. The test setup consisted of two hydraulic jacks connected to the same air pump to apply equal load on both sides of the specimen. The configuration and test setup of a typical specimen are shown in Fig. 3 .
Beam specimens
A total of ten reinforced concrete beams were tested: four beams reinforced with CFRP Leadline stirrups, four beams with GFRP C-BAR stirrups, one beam with steel stirrups, and one beam without shear reinforcement as a control specimen. The tested beams had a T cross section with a total depth of 560 mm and a flange width of 600 mm, as shown in Fig. 4 . Eight beams were reinforced for flexure with six 15-mm, 7-wire steel strands. Two beams were reinforced for flexure using seven 15-mm, 7-wire CFCC strands. All beams were designed to fail in shear while the flexural steel tendons are designed to remain in the elastic range to simulate the linear behaviour of FRP. The beam without shear reinforcement was used as a control beam to determine the concrete contribution to the shear resistance, including the dowel action of the steel strands used for flexural reinforcement, which are normally weaker than conventional steel bars. Each beam consisted of a 5.0-m simply supported span with 1.0-m projections from each end to avoid bond-slip failure of the flexural reinforcement. Only one shear span was reinforced with FRP stirrups, while the other shear span was reinforced using two 6.35-mm diameter closely spaced steel stirrups, as shown in Fig. 4 . The variables considered were the material type of stirrups, stirrup spacing, s, and the material type of flexural reinforcement. Detailed information about the tested beam specimens is given in Table 3 . The 
Test results
Strength of FRP stirrups
Effect of bend radius
The strength ofFRP stirrups may be as low as 35% of the strength parallel to the fibres,ffuV' depending on the bend radius, rb, and tail length, l~, as given in Table 2 . In general, test results indicate that a decrease in the bend radius, rb, reCan. J. Civ. Eng. Vol. 27, 2000 Fig. 3 . Details and test setup of kink specimens: (a) plan and (b) photo.
duces the bend capacity. The strength reduction is attributed to the residual stress concentration at the bend zone. The radii of the bend used in this study range from 3.0 to 7.0 times the effective bar diameter, de. Figure 6 indicates that the bend capacity,fbend, varies greatly for the same type of reinforcing fibre. The Japanese Society of Civil Engineers (JSCE 1997) recommends the use of the following equation to evaluate the strength capacity of an FRP bent bar:
Test results indicate that eq.
[1] provides conservative prediction for both the CFCC and GFRP stirrups with sufficient tail length, I;, presented in the following section. However, it was found that eq. [1] overestimates the bend capacity of the CFRP Leadline stirrups even with large bend radius, rb' Therefore, it is recommended to use a minimum bend radius not less than four times the effective bar diameter or 50 mm, whichever is greater, for FRP stirrups in order to achieve a {g 2000 NRC Canada Note: Failure modes: R-S, rupture along the straigbtportion between the concrete blocks; R-B, rupture at the bend; R-D, rupture at the end of the debonded length inside the concrete block; S, slippage of the bonded part of the .stirrup; S-RB, l!lippage of the bonded part of the .stirrup, followed by rupture at the bend; R-BD, rupture of some fibres at the bend zone and others at the end of the debonded length; Y-S, yield along the straight portion; and Y-B, yield at the bend .
• Average of six specimens.
hAverage often specimens.
stirrup capacity of at least 50% of the strength parallel to the fibres (Shehata 1999) .
Effect of stirrup anchorage and tail length .
Significant reduction in the CFCC stirrup capacity was observed in Type A anchored with a ,standard tail length of 6d b , as compared to Type B anchored, as shown in Table 2 . The strength reduction is attributed to possible slip at the bend, leading to initiation of failure at a lower stress level.
An increase in the tail length, I;, resulted in an increase in the stirrup capacity, as given in Table 2 . For a tail length to effective diameter ratio, I;/d e , equal or higher than 12, the capacity of Type A anchored CFCC stirrups is as high as that of Type B anchored stirrups. For Leadline stirrups, an increase in the tail length, I;, resulted in a slight increase in the capacity. A tail length of 70 nnn (lOde) is sufficient to develop the bend capacity of the stirrups using rtJd e of 7.0. The tail length of the GFRP stirrups tested in this study was either 6d e or 12d e . The bend capacity of such a minimum tail length of 6d e was found to be equal to or higher than 48% of the guaranteed tensile strength parallel to the fibres, which almost equals the average bend capacity of Type B stirrups. Therefore, it is reconnnended to use a tail length of 6d e or 70 nnn, whichever is greater.
Effect of crack angle
All kink specimens failed either by rupture of FRP stirrups or yield of steel stirrups at the crack location. The relationship between the measured stress in the direction of the fibres ofFRP stirrups at failure,ftv> and the stirrup angle, e, is shown in Fig. 7 . There is no clear trend for an increase or decrease in the stress at failure with the variation of the angle e within the range used in this study for both GFRP and CFRP stirrups. The average failure stress to ultimate strength parallel to the fibres ratio was found to be 0.81 with a standard deviation of 0.06. Figure 7 shows that for kink Can. J. Civ. Eng. Vol. 27, 2000 specimens the stress in a FRP stirrup at failure could be as low as 65% of the guaranteed tensile strength parallel to the fibres. Meanwhile, it was observed for" bend tests (Table 2) that the stress at failure could be as low as 35% of the guaranteed tensile strength parallel to the fibres. Therefore, it was concluded that the bend effect on strength capacity of FRP stirrups is more critical than the kink effect.
Behaviour of FRP stirrups in beam action
All the tested beams failed in shear before yielding of the flexural steel strands or rupture of CFRP strands. No slip of the flexural reinforcement was observed during any of the beam tests. Shear failure of beams reinforced with FRP stirrups was initiated either by rupture of the FRP stirrups at the bend (shear tension failure), as shown in Fig. 8, or by crushing of the concrete in the shear span (shear compression failure). A summary of the beam test results is presented in Table 3 .
Contribution of FRP stinups
The ...
•
truss model, stress in the stirrup at failure, ffv, was determined as follows:
[2]
Afvd
where Afv is the area of the FRI' ~tirrups, s is the stirrup spacing, and d is the effective depth of the beam. Figure 9 shows the effective stress in FRP stirrups at failure for the different spacings, s, used in this study. Test results. indicate that the effective capacity of FRP stirrups in beam action might be as low as 50% of the strength parallel to the fibres, provided that shear failure occurs due to rupture ofFRI' stirrups. For closely spaced stirrups, there is a higher chance for the diagonal cracks to intersect the bend zone of the stirrups, leading to possible lower contribution of the FRP stirrups, as evident in Fig. 9 . For beams reinforced with CFRP strands for flexure, the shear capacity is less than fOf the corre- 
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II sponding beam reinforced with steel strands. This could attribute to the reduction of the concrete contribution component due to the use of CFRI' as flexural reinforcements, as will be discussed in the following section.
Effect of FRP longitudinal reinforcement
The use of CFRP strands as flexural reinforcement in two beams resulted in a reduction in the shear capacity, compared to similar beams reinforced with steel strands. The contribution of FRP stirrups, V. f , at any load level is determined based on the average strain in stirrups measured by the strain gauges. The concrete contribution for members with CFRP flexural reinforcements, V cf , is calculated as VCf = Va -V. f , where Va is the applied shear. The relationship between the applied shear and the components of the shear resisting mechanism Vcf and V. f is presented in Fig. 10 for the beams reinforced with steel or CFRP strands for flexure and CFRP stirrups spaced at d/3. Test results indicate that the concrete contribution, V c ' for the beam reinforced with steel strands, at any load level up to failure, is higher than the concrete contribution, Vcr, for (he corresponding beam reinforced with CFRP strands. Similar behaviour was observed for beams reinforced with GFRP stirrups (Shehata 1999) . This behaviour indicates that the use of FRP flexural reinforcement in concrete beams results in smaller depth of the compression zone, wider cracks, and less dowel contribution, leading to reduction in the concrete contribution to the shear carrying mechanism, VCf'
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Shear cracking
The shear cracking load was monitored by three techniques in addition to the visual observation of cracks. The crack width for three beams reinforced with CFRP, GFRP, and steel stirrups using stirrup spacing of dl2 is shown in Fig. 11 . It can be seen that large crack widths were observed for the beam with CFRP stirrups, even though the stiffuess index EfvPfv is higher for this beam than for the one reinforced with GFRP stirrups. For the beam reinforced with GFRP stirrups, it is evident that the beam with equivalent shear reinforcement ratio, pfv(EfvIE s ), of 0.15% behaves similarly to the one with steel stirrups ratio, Psv' of 0.40%. This indicates that an increase in the shear reinforcement ratio, Pfv, of 80% minimizes the effect of the low modular ratio (HfvlH s = 0.21) due to the good bond of GFRP stirrups. In Shehata at al. 
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1-Beams with steel strands .---Beam with CFRP strilnds general. it was observed that the beams reinforced with GFRP stirrups perfonned well despite the low elastic modulus of the GFRP material.
Shear crack width versus stirntp strain
The relationship between the shear crack width and the average strain in stirrups is shown in Figs. 12a and 12b for 867 Fig. 13 . Shear crack width versus average strain in stirrupsserviceability requirement. beams reinforced with CFRP stirrups and for beams reinforced with GFRP stirrups with different stirrup spacing. respectively. Test results indicate an insignificant effect of the shear reinforcement ratio and the material of the longitudinal reinforcement on the relationship between the crack width and the corresponding strain in the stirrups. Using an average curve. the relationship between the shear crack width and the strain in the stirrup for CFRP. GFRP. and steel stirrups is shown in Fig. 13 . Figure 13 indicates that for a given strain level in stirrups. the crack widths of the beams reinforced with GFRP stirrups are smaller' than those of beams reinforced with steel and CFRP stirrups. This behaviour clearly reflects the effect of the low elastic modulus of GFRP in comparison to CFRP and steel materials.
Proposed design provision
This section introduces a design provision for concrete beams reinforced with FRP shear reinforcement and FRP or steel longitudinal reinforcement. The equations are conveniently formulated to suit possible adoption by the CSA code for concrete design. The primary parameters affecting the shear strength of concrete beams reinforced with FRP are investigated using extensive test data accumulated by the authors (Shehata 1999) . Based on the influence of each parameter. appropriate modifications to the shear design equations in the current CSA 23.3-94 code are suggested. The proposed equations account for the influence of the various parameters and shear failure modes of concrete beams reinforced with FRP. A rational approach is also proposed for the minimum FRP shear reinforcement required for concrete beams.
Available experimental results
In addition to the beams tested in the current investigation, a total of 118 beams were collected from experimental programs carried out by Nagasaka et a1. (1993) , Tottori and Wakui (1993) , Yonekura et a1. (1993) , Zhao et al. (1995) , VJjay et al. (1996) , Alsayed et a1. (1996 Alsayed et a1. ( , 1997 , and Duranovic et al. (1997) . The selected beams were reinforced with FRP as shear and (or) flexural reinforcement. The beams were classified into four groups, as given in Table 4 .
The following are the ranges of the parameters of test data used to establish the proposed model: effective depth of the member, 150 < d < 500 mm; shear span to depth ratio, 1.2 < aid < 4.3; concrete compressive strength, 23 < Fe < 84 MPa; flexural reinforcement ratio, 0.5% < PI < 4.6%; elastic modulus of flexural reinforcement, 29 < Eft < 200 GPa; shear reinforcement ratio, 0.04% < PlY < 1.5%; elastic modulus of shear reinforcement, 31 < ElY < 145 GPa; and shear reinforcement capacity, 0.7 < PIY/fuv < 20 MPa.
All selected beams failed in shear, either by rupture of the stirrups (shear rupture) or by concrete crushing (shear compression). The detailed dimensions, material properties, maximum shear force at failure, V test , and observed mode of failure for the 126 beams can be found elsewhere (Shehata 1999) .
The different parameters considered in the statistical analysis are (i) the strength reduction of FRP stirrups due to bending of bars into a stirrup configuration; (ii) the presence of diagonal cracks with respect to the direction of the fibres; (iii) the low elastic modulus of the longitudinal reinforcement, Eft; and (iv) the low elastic modulus of the shear reinforcement, ElY'
The effect of using FRP as flexural reinforcement is based on the results of Group A beams. The effect of using FRP stirrups is based on the results of Group C beams. The effect of longitudinal reinforcement on the concrete contribution, V c , is based on groups B and D. Based on the proper separation of the foregoing parameters, the following equations for the factored shear resistance, V rf' is proposed:
/ where A. = 1.0 for normal density concrete; 4>c = 0.60 is the material factor for concrete; and ' f is a reduction factor for FRP (values of 0.85 and 0.75 for CFRP and GFRP, respectively, are recommended (CHBDC 1998)).
Reliability of the proposed provisions
The proposed equations have been used to predict the shear strength of Group B and Group C beams. The predicted nominal shear stress, V n , based on eq. [3] is compared to the measured shear strength. ViesI'> in Fig. 14a for Group B. The calculated shear stress, v n' was based on the nominal Can. J. Civ. Eng. Vol. 27, 2000 shear strength, V n , using material and a reduction factor of 1.0 in eq. [3] . Predictions according to the current CSA 23.3-94 for steel-reinforced concrete, JSCE (1997), and CHBDC (1998) are given in Figs. 14b, 14c, and 14d , respectively. The 45° dotted lines in Fig. 14 correspond to the exact prediction, while the two solid lines represent the vleslv n ratios that statistically bound 90% of the data points.
The four design methods are also compared in Table 5 , using the ratio of measured-to-calculated shear strength, vtest"v n , for Group B beams.
It was observed that direct application of the current CSA code equations to available test date results in an unsafe prediction for the shear strength of concrete beams reinforced with FRP. Both JSCE and CHBDC models greatly underestimate the shear strength. The proposed equation results in better distribution for the measured-to-calculated ratio, as shown in Fig. 140 .
Minimum shear reinforcement
Minimum shear reinforcement is required to prevent sudden shear failure upon formation of the first diagonal tension cracking. Tt is also required to provide adequate control of the diagonal tension cracks at the service load level. Examination of Group A beams showed that the cracking shear strength of beams without shear reinforcement is the same for beams reinforced with steel ·or FRP reinforcement (Shehata 1999) . However, the use ofFRP in reinforced concrete beams may result in a concrete contribution, VCf, less than the shear cracking strength. Therefore, for beams reinforced with FRP flexural reinforcement, a minimum amount of shear reinforcement is required to provide shear strength higher than the cracking load. The following recommendation for the minimum shear reinforcement ratio is proposed: [6a] for Eft <E.
[6b] _ 0.06$ PIY m " -0 4fr
• fuv
where Vc is the factored shear resistance attributed to concrete according to CSA 23.3-94. Equation [6] was examined with-the available test results of Group B beams reinforced with FRP as longitudinal and shear reinforcement. Using the factored shear resistance according to CSA 23.34-94, the diagonal tension cracking stresses, vcr> for beams with FRP shear reinforcement ratio PlY > PlY _ were calculated and compared to the measured ultimate' shear stress, v test , in Fig. 15 . It is evident from Fig. 15 that the measured shear strength, exceeded the predicted diagonal tension cracking load for all beams with reinforcement ratio higher than the minimum value specified in eq. [6] . A minimum amount of FRP shear reinforcement should be provided where factored shear force, V II' exceeds one-half of the concrete contribution in beams reinforced with FRP, Vcr, based on eq.
[6]. *fndicates the number of beams (out of the total numbert for which v_ < v n • Fig. 15 . Requirement of minimum shear reinforcement.
Proposed serviceability limits
Control of crack widths at the service load level is an important serviceability criterion for reinforced concrete structures. The current ACI code (1995) limits the crack width for members reinforced with steel to 0.33 mm (0.013 in.). As FRP reinforcement is generally considered to be noncorroding, the maximum crack width could be increased for FRP reinforcement. In the current drafts of CHBDC (1998) and ACI Committee 440 Design Guidelines (1999), as well as JSCE (1997), the maximum allowable crack width was increased to 0.51 mm (0.20 in.) for concrete members reinforced with FRP. It was observed for beams reinforced with CFRP stirrups that the average strain in the stirrups corresponding to a shear crack width of 0.51 mm is 0.2%, as shown in Fig. 13 . The corresponding strain value for beams reinforced with GFRP stirrups is 0.35%, as also shown in Fig. 13 . It should be noted that for beams reinforced with steel stirrups, the average strain in the stirrups corresponding to a crack width of 0.51 mm is 0.18%.
To control shear crack widths of concrete beams reinforced with FRP stirrups, it is recommended to use unified limit of 0.002 (0.2%) for the strain in stirrups at the service load level. The average strain in the stirrups at the service load level, Vs"" can be estimated based on the 45° truss model as follows: 
Summary and conclusions
Fifty-two specially designed panel specimens and ten large-scale reinforced T-section concrete beams reinforced with FRP stirrups were tested. The effects of the bend radius, the crack angle, the stirrup anchorage, the stirrup spacing, and the material type of flexural reinforcement were investigated. Based on the test results and an additional 1 t 8 beams tested .by others, design guidelines are proposed for the use of FRP as shear reinforcement in concrete structures. The fonowing specific conclusions can be drawn: (1) The bend effect on the strength capacity ofFRP stirrups is more critical than the kink effect and, therefore, limits the strength of FRP stirrups in the beam action. (2) The following limitations are proposed for detailing of FRP stirrups to achieve a capacity of at least 50% of the guaranteed strength parallel to the fibres: (a) The bend radius, rb, should not be less than four times the effective bar diameter or 50 mm, whichever is greater.
(b) The tail length, I;, should not be less than six times the effective bar diameter or 70 mm, whichever is greater. The stirrup detailing is provided according to the proposed guidelines. The IO-mm GFRP C-BAR stirrups should have a bend radius of 50 mm and a tail length of 70 mm beyond the bend.
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